Since 1989, City of Hope National Medical Center (COH), located in Duarte, California, and a member of the National Comprehensive Cancer Network, has prohibited smoking anywhere on the 100-acre campus. Because little published information is available on smokefree campuses (SFCs), we investigated the attitudes of COH employees toward the SFC and attempted to answer the question of whether a difference in employee smoking behavior occurred and was attributable to the SFC policy. An anonymous survey was sent to all 2787 campus employees using both Web-based data entry and scannable paper forms. Employees with network access were contacted by e-mail and those without computers were contacted in person. Respondents were asked questions regarding their attitudes toward the SFC and about their smoking history and current smoking behavior. A total of 1356 responses (48.7%) were received. One hundred (7.4%) respondents were current smokers, 242 (17.8%) were ex-smokers, and 1014 (74.8%) were nonsmokers. Smokers and ex-smokers smoked a mean of 2.4 fewer cigarettes (95% CI, 1.8 to 3.1; P < .0001) on workdays than on days off, with evidence of a small amount of compensatory smoking (one cigarette per day). Of the smoking employees, 61.6% believed that the SFC reduced their cigarette consumption, and 42.2% quit smoking while employed at COH between 1989 and 2002. Of all respondents, 92.6% supported the COH SFC policy. High acceptance was consistent across gender, ethnicity, job type, and educational level. COH's SFC policy is strongly supported by employees and may decrease cigarette consumption and facilitate smoking cessation among smoking employees. This in-
formation may be useful to NCCN and other medical centers in assessing current and planning future campus smoking policies. (JNCCN 2006; 4:535-542) Involuntary (second-hand) smoking is estimated to cause 3000 lung cancer deaths per year and as many as 62,000 deaths annually from coronary artery disease. 1 In addition to adverse health effects, tobacco use also has various negative influences on the workplace, including increased employee disability, absenteeism, reduction in job performance, increased risk for injury, increased health care costs to employers, increased workplace fires, and reduced employee wages. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] Recognizing that tobacco smoke exposes workers to serious health risks, a concerted effort has been made since the 1980s to pass smoke-free workplace (SFW) legislation.
The severity of these measures range from minimal or no restrictions, smoking banned in some work areas, smoking permitted in restricted areas only, and 100% smoke-free environments. By 1999, 70% of U.S. employees worked in environments where smoking was prohibited inside workplace buildings. 12 The percentage of Californians working in SFWs increased from 35% in 1990 to 93.4% in 1999. 13 Both tobacco industry and public health research indicates that SFWs result in fewer cigarettes smoked by workers and increase the percentage of smokers who quit.
According to subpoenaed documents from the tobacco industry, research has led to the conclusion that SFWs are very effective in reducing the number of cigarettes smoked by customers and that these environments foster smoking cessation (SC) attempts: 14 The SFW reduces exposure of nonsmokers to involuntary inhalation of tobacco smoke. In the mid1990s the California Tobacco Survey showed that 2.2 million California nonsmokers were exposed to tobacco smoke at work, including 9.3% in SFWs versus 51% at work sites with smoking area restrictions. Younger smokers, men, Hispanics, and persons with lower educational levels had higher exposure to environmental tobacco smoke (ETS). 15 In Finland, exposure to ETS declined, tobacco consumption diminished, and nicotine concentration in the blood of smokers diminished after national SFW legislation. 16 In New Zealand, nicotine exposure in employees varies directly with smoke-free status. 17 Studies in California measuring pulmonary function before and after smoking was prohibited in bars and taverns documented improvement in respiratory health of workers. 18 Studies have proven that SFWs not only protect nonsmokers, but also encourage reduction and cessation among smokers. The Institute for Health Policy Studies at the University of San Francisco School of Medicine surveyed more than 11,000 people who worked indoors. Prevalence of smoking was lower at SFWs (13.7% vs. 20.6%). Cigarette consumption was approximately 21% lower among employees working in non-SFWs: "The smoke-free workplace is an effective public health measure for decreasing smoking prevalence and cigarette consumption among continuing smokers." 19 After implementation of an SFW policy, workers at Johns Hopkins University School of Medicine smoked 4 cigarettes fewer each day and had significantly reduced nicotine and carbon monoxide levels during work hours. 20 Workers at the Centers for Disease Control and Prevention (CDC) had an overall smoking prevalence of only 11.1%. Daily cigarette consumption decreased after implementation of an SFW. 21 In SFWs in Toronto, employees were less likely to smoke at work and reduced the number of cigarettes that they smoked, although SC rates remained unchanged. 22 Hospital employees at the University of Missouri-Columbia had statistically significant differences in SC compared with workers in non-smokefree environments (quit ratio of 0.506 vs. 0.377).
Longo et al. 23 noted that 5 million Americans would be directly affected by smoking bans in American hospitals. The same group studied workplace smoking ban effects on SC rates in smoke-free hospital workers versus workers in non-smoke-free environments over 3 years, finding that 26% of employees in a SFW quit versus 14% in non-SFWs (P = .02). 24 The Community Intervention Trial for Smoking Cessation showed that SFW employees were 25% more likely to make serious attempts to quit and maintain cessation. Continuing smokers smoked 2.75 fewer cigarettes per day. 25 SFWs may also affect primary smoking prevention. Farkas et al. 26 documented reduction in initiation of smoking among adolescents who worked in SFWs compared with those who worked in non-SFWs.
These studies suggest that SFWs improve health among nonsmokers and smokers, reduce smoking rates among employees, facilitate higher chances of SC, and affect primary smoking prevention.
The positive effects of an SFW might be mitigated by the employee's ability to smoke immediately outside the workplace. We were unable to identify any previous studies of the effects of smoke-free campuses (SFC) on employee smoking behavior. We performed a retrospective questionnaire study to investigate whether the SFC at the City of Hope (COH) has an effect on employee smoking and SC rates.
Methods
This study was conducted at COH, a National Comprehensive Cancer Network (NCCN) member cancer center hospital and research campus in Duarte, California. The campus has more than 100 buildings spread out over 110 acres. COH has had an official SFC policy since 1989. Employees and visitors are prohibited from smoking anywhere on campus grounds, both inside and outside of buildings. The study was approved by the COH Institutional Review Board.
Participants
The study population consisted of all 2787 employees working on the COH Duarte campus, including those hired through outside contractors.
Smoking Survey
E-mail messages were sent to all COH employees who had addresses, and articles about the survey requesting the anonymous participation of all employees were posted in a campus publication 3 times at weekly intervals. The e-mail message had a link to a Web page form that contained the survey questions and responses. The questionnaire can be viewed at URL http://www.cityofhope.org/smokingsurvey.pdf.
Participants completed the survey online and responses were entered directly into a database (Microsoft SQL Server, Microsoft Corp., Bellevue, Washington). Employees without e-mail access filled out paper survey forms in either English or Spanish and faxed their responses directly into the study database using an optical character recognition system (TELEform Software Suite, Cardiff Software, Inc, Vista, California). We attempted to increase the percentage of responses by offering participants entry into a lottery drawing for tickets to musical and sporting events. To ensure anonymity, each Web form and paper survey contained a unique code number to be used by participants to claim lottery prizes.
Smoking Status
Study participants were classified into 3 groups. We defined a smoker as an individual who had smoked more than 100 cigarettes and had smoked within the past 30 days; an ex-smoker as one who had smoked more than 100 cigarettes but had not smoked within the past 30 days; and a nonsmoker as one who smoked fewer than 100 cigarettes and had not smoked within the past 30 days.
Nonsmokers were asked only demographic questions, whereas smokers and ex-smokers were asked a series of questions about their smoking history and their opinions regarding the SFC and its effect on their smoking behavior. In particular, they were asked to estimate the number of cigarettes they smoked on a typical workday and the number they smoked on a typical day off.
Statistical Analysis
This retrospective, descriptive, exploratory study was designed to evaluate smoking behavior and beliefs in relation to the SFC policy at COH. Results are summarized using standard descriptive statistics for categoric and continuous variables. Where appropriate, 95% confidence intervals (CIs) are reported. Tests of hypotheses comparing selected groups were performed using Chi-squared tests for proportions and 2-sample and paired t tests for continuous measures, as appropriate. All 2-tailed tests of hypotheses were performed at the .05 level of significance. All analyses were performed using JMP Version 5 statistical analysis software (SAS Institute, Cary, North Carolina).
Results
The target population consisted of the 2787 employees and contractors working on the COH campus. Responses totaled 1356, for a response rate of 48.7%. Of the surveys, 1277 (94.2%) were submitted online by way of the Web-based questionnaire, and the remaining 79 (5.8%) were completed on the scannable forms and submitted by way of fax. Of the scannable forms, 47 (59.5%) were completed in English and 32 (40.5%) in Spanish. Some questionnaires had missing data. Of the respondents, 358 (26.4%) were male and 997 (73.5%) were female, with ages ranging from 14 to 77 years (mean ± SD = 41 ± 11). General demographics obtained from personnel records of survey respondents and COH employees are presented in Table 1 . Evidence was found of selection effects that may introduce bias and weaken conclusions drawn from the results. For example, Asian-American employees and service workers had lower rates of participation than Caucasian and administrative/support employees.
Smoking Status
One hundred (7.4%) respondents were current smokers, 242 (17.8%) were ex-smokers, and 1014 (74.8%) were nonsmokers. Of the nonsmokers, 745 (54.9%) had never smoked a cigarette and 269 (19.8%) smoked fewer than 100 cigarettes in their lifetime but never became regular smokers. Of 611 respondents who smoked at least one cigarette, 342 (56.0%) went on to become smokers and ex-smokers.
Smoking History
The mean age at initiation of smoking was 18.2 years with a standard deviation of 6.3 years. This age distribution is similar to that of smoking initiation described for the U.S. population. Ex-smokers smoked for a mean and 95% CI of 12.3 (range, 10.9-13.6) years. The mean age of SC for ex-smokers was 31.7 (range, 30.3-33.1) years, and 207 (88.8%) of 233 ex-smokers quit with no assistance. Fewer than 13.7% of ex-smokers had any form of SC intervention, such as counseling, nicotine replacement therapy, or bupropion.
The responses showed that on average, men smoked more and for longer durations than women. The significant differences in smoking behavior between men and women are highlighted in Tables 2  and 3. Table 4 shows the inverse relationship between smoking and educational level observed in the study subjects. As educational level increased, the percentage of smokers and ex-smokers decreased (P = .0059).
Effects of a Smoke-Free Campus
The smoking behavior of employees at COH is described in Table 4 . To evaluate the effect of COH's SFC on employee cigarette consumption, we compared the number of cigarettes that smokers and exsmokers smoked on workdays with the number of cigarettes they smoked on days off over a 24-hour period. The mean difference was 2.4 (range, 1.8-3.1) cigarettes fewer on workdays, corresponding to a difference in tobacco consumption between work and days off of 20.7% (P < .0001). This result is consistent with employee opinions that COH's SFC decreases tobacco consumption. Of the smoker and ex-smoker respondents, 106 (61.6%) asserted that they smoked less because of the smoke-free policy at COH. Current smoking employees estimated that they would smoke a mean of 2.17 (range, 1.7-2.6) cigarettes more if they were allowed to smoke on campus in a designated area. Only 1 (0.6%) employee said that the SFC increased cigarette consumption. Employees may have smoked fewer cigarettes while on campus because it took them a mean of 3.31 (2.6-4.0) minutes each way to walk to the edge of campus to smoke.
Our data also suggest that COH's SFC facilitates SC. Of 173 employees who smoked at some time during their employment, 73 (42.2%) quit smoking while working on the SFC. Of these ex-smokers, 30 (41.1%) believed that the SFC helped them quit smoking.
Among current smokers, 69 (69.0%) expressed a desire to quit. Moreover, 64 (64.6%) of 99 responding smokers stated that one potential effect of an SFC would be to make SC easier. In addition, 54 (54.6%) smokers believed that an on-campus CS program would be conducive to CS. Only 12 (12%) of smokers expressed no desire to quit.
The COH smoke-free policy was a "good idea" according to 1249 (92.6%) respondents. This high acceptance was consistent across gender, ethnicity, job type, and educational level. Only 28 (2.1%) respondents said that the policy was a "bad idea." Although the highest level of objection came from smokers, only 12 (12%) disagreed with the smoke-free policy. Fiftyfive (31.8%) smokers and ex-smokers stated that they would have smoked outside of their workplace building on campus if this had been allowed. Of the employees who were smokers, 14.9% violated the SFC policy on one or more occasions.
Compensatory Smoking
One serious concern is that employees might smoke more during off-hours to compensate for the number of cigarettes that they could not smoke while on campus. To test this hypothesis, we divided the day into 2 strata: hours asleep and hours awake. The average American adult gets approximately 7 hours of sleep per night, and is therefore awake for 17 hours. 28 In our study, we observed a mean of 11.6 (range, 10.3-12.9) cigarettes per day per smoking employee. Assuming that a smoker smokes at a constant hourly rate and does not wake up during the night to smoke, a smoking employee would smoke 0.682 cigarettes per hour and 5.46 cigarettes in an 8-hour workday. Because employees reported that they smoke 2.1 (range, 1.7-2.5) cigarettes while on campus, we estimate the SFC reduces cigarette consumption by 3.36 cigarettes during an 8-hour workday. Normally, in the remaining 9 hours that an employee is awake and not at work, we would expect a total cigarette consumption of 6.14 cigarettes. When compensatory smoking was evident, however, we would expect the employee to smoke more often to compensate for the 3.36 cigarettes not smoked while at work. Therefore, the employee would theoretically smoke a total of 9.5 cigarettes. However, our study showed a mean cigarette consumption of 7.1 (range, 6.1-8.0) during off-work hours. Thus, we conclude that the SFC at COH reduced employee cigarette consumption with evidence of minimal compensatory smoking (1 cigarette per day).
Discussion
The effectiveness of an SFW may be mitigated by the employee's ability to step outside the building to smoke. In an SFC, however, where smoking is prohibited not only inside buildings but also between and outside of buildings, workers must leave the campus in order to smoke. COH has had an official SFC policy since 1989. The physical setup of the COH campus theoretically makes it difficult for employees to smoke on breaks because they must walk long distances to do so.
Although smoking restriction is more comprehensive on an SFC than an SFW, no additional reduction of smoking was obvious on the COH campus. The 2.4 decrease in cigarette consumption within COH's SFW is comparable to that from earlier medical SFW studies. In Fichtenberg and Glantz's 29 meta-analysis, this figure ranged between 2.2 and 5.4 (mean, 3.1) cigarettes per workday. Our study, however, was conducted at a medical center where tobacco consumption is lower than the 30 In comparison, the mean number of cigarettes smoked daily in the COH population was 10.4 (range, 9.0%-11.8%); fewer than 19.4% of employee respondents smoked more than 15 cigarettes (range, 9.5% -23.7%) per day; and only 4.1% smoked 25 or more cigarettes per day (range, 1.6%-10.0%), which was significantly different from the CDC percentages. A disproportionately lower prevalence of smoking occurred in the COH employee population. For example, at Duke University Medical Center, 23% of employees smoke compared with 7.4% at COH. 31 This low prevalence of smoking is probably explained by the high percentage of employees who are physicians, scientists, administrator/managers, college graduates, and females, and by the location of the medical center in the state of California. Marked disparities are present in the prevalence of smoking among different job categories. For example, nationwide only 5.4% of physicians and 9% of administrator/managers smoke, whereas 39.2% of "blue collar" and 34.5% of service workers smoke. 32 Smoking is less common in women, college graduates, and Californians.
2 Because tobacco use is initially lower at COH, any decrease in the number of cigarettes smoked may be correspondingly smaller.
Future prospective studies performed before and after transition from a non-SFW and an SFW to an SFC at medical and non-medical institutions in different geographic areas will be required to determine if a quantitative difference in reduction of smoking exists between SFWs and SFCs.
A decrease in tobacco consumption yields several significant benefits for the entire COH population. This decrease protects workers, patients, and visitors from involuntary inhalation of tobacco smoke. Also, with 2.4 fewer cigarettes smoked per day, smokers are effectively cutting their cigarette consumption by 20.7%, thereby reducing tobacco industry revenue. This reduction in tobacco consumption can be expected to decrease the future risk for disease caused by tobacco products, including coronary artery disease, chronic obstructive lung disease, and lung cancer.
Facilitating Smoking Cessation
A CDC report stated that 70% of current smokers wanted to quit in the year 2000. 33 Our study mirrors these data, with 69% of COH's current smokers contemplating SC. Only 12% of current COH smokers are content with their smoking behavior.
Of employees who were regular smokers, 42.2% have quit and maintained abstinence while working at COH, 41.1% of whom stated that the SFC played a role in the success of their SC. This suggests that in addition to reducing tobacco consumption, COH's SFC provides an environment that facilitates SC. This phenomenon has also been described in a Duke University Medical Center study in which a 22.5% SC rate was observed 15 months after a SFW policy was instituted.
34 Most (64.6%) COH smokers believed that the SFC at COH would make it easier if they tried to quit.
Attitudes Toward a Smoke-Free Campus
More than 90% of COH employees agreed with the SFC policy. Even among current smokers, only 12% of the one group whose habits would be most directly affected disagreed with the smoke-free policy. In the Duke study, 75.8% of subjects agreed with the smokefree policy.
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Reflections on Response Rate and Methods
Use of computerized survey techniques, including e-mail announcements, HTML questionnaire forms, optical character recognition systems, and encryption of survey completion receipts that allowed collection of lottery prizes yielded responses from almost half of all employees.
Conclusions
Cigarette consumption on workdays compared with days off decreased by a mean of 2.4 cigarettes per day and the prevalence of smoking decreased by 3.3% per year on COH's SFC. A very high level of support for the policy exists among employees. This information may be useful to other NCCN institutions in assessing current and planning future campus smoking policies.
Limitations of Study
Because no control group was included, this study does not allow conclusions as to whether an SFC offers additional reduction of smoking or facilitation of SC compared with an SFW. Because the study occurred in California, where the prevalence of smoking is low, and at a medical center with a high percentage of employees known to have a low prevalence of smoking (e.g., females, health care workers, administrators, managers), these results may not be applicable to other types of business or educational campuses. Differences in smoking behavior may exist between current and ex-smokers that can be dissected out in a larger study group.
We did not assess differences in employee smoking behavior among employees working day shifts and those working night shifts. This question might be addressed in a future study. Further prospective studies to determine the impact of SFCs should be performed at medical and non-medical campuses to assist in assessing current and planning future campus smoking policies.
